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    近年来，科学家们发现在中国安徽省黄山桃花溪周边栖息着一种鼓膜明显凹
陷的蛙——凹耳蛙(Odorrana tormota)。野外声音回放实验和电生理实验证明凹耳
蛙具有发出并检测高频声信号（≥ 20 kHz）的能力，且能听到频率高达 35 kHz
的信号（87 dB SPL），说明凹耳蛙可以进行高频甚至超声通讯。凹耳蛙的繁殖时
期在每年 4 月到 6 月间，此时黄山桃花溪区域的雨水较多，环境噪声甚至能达到
90 dB SPL 以上。噪声对凹耳蛙的声通讯是否有损害作用？对高频声信号的影响
与对低频声信号的影响是否有区别？  
    针对以上问题，我们研究了不同强度的背景噪声（35、65、85 dB SPL）对
凹耳蛙声通讯的影响。研究内容包括两部分：第一部分为野外叫声回放实验。我
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凹耳蛙叫声引发雄凹耳蛙的应答声，来研究噪声对雄凹耳蛙应答声特征的影响。
第二部分在隔音室内，以雄凹耳蛙为研究对象，给予 1 kHz 到 23 kHz 的纯音刺
激，细胞外记录中脑半圆体（torus semicircularis, TS）区神经元的听觉诱发近场
电位（auditory evoked near-field potentials, AENFPs）和单单位神经元放电反应









下（35、65、85 dB SPL），雄凹耳蛙的 AENFPs 在7 kHz-8 kHz 频段中幅度最大、
潜伏期最短、阈值最低。在低强度（35 dB SPL）和中强度（65 dB SPL）噪音环
境下，50%的敏感频率在3 kHz to 12 kHz 之间，在高强度噪声（85 dB SPL）中，
50%的敏感频率在5 kHz to 12 kHz 之间。在低强度（35 dB SPL）和中等强度（65 





雄凹耳蛙的最佳兴奋频率 BEF（best excitatory frequency）是7 kHz、17 kHz 和20 
kHz。神经元放电数在三种不同噪声下的结果与 AENFPs 结果相似。 
结论：1）低强度（35 dB SPL）和中强度（65 dB SPL）噪音环境下，雄凹
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                             Abstract  
 
   The efficiency of acoustic communication in animals depends on the sound power, 
the environmental noise and sensitivity of receivers. Noise is a kind of sound that 
could damage to sense of hearing. For the animals living in the areas with high level 
ambient noise, their call signals could be overlapped with the frequency, amplitude 
and temporal characters of the noise, making the spreading efficiency of the animals 
acoustic signals decreased. Researches in fish, birds, monkey and cats have implied 
that high-level noise generally impaired acoustic communication in animals.  
   Anuran amphibians, such as frogs and toads, are thought to be intermediate 
between fishes and amniote vertebrates. Sounds of anurans are typically simplex and 
the auditory systems are similar to those of amniote vertebrates. Hence, anurans serve 
as an attractive model for researching the animal acoustic communication. Anurans 
mainly rely on their calls for communication. The lower level spread efficiency of 
their acoustic signal caused by environmental noise will impact individual recognition, 
mate selection, territorial defense, population density, community structure, etc. 
Comparing to other species, anurans share a relatively limited habitat that always 
contains complex obstacles e.g. fast flowing stream, rain forest and grass. The 
acoustic communication of frogs burden more risk of noise interference. 
   Since acoustic communication can be considerably impaired by environmental 
noise, it has been suggested that animals have evolved adaptations to counteract the 
masking effect of noise, such as Lombard effect in animal. Birds overcome the 
masking of noise by amplitude modulation, changing the duration, altering the rhythm 
and increasing the frequency of their song. The same results were also found in 
mammals and anurans. 
   Odorrana tormota, a frog living in torrent streams in Mt. Huangshan of China has 
been proved to be able to detect and respond to high-frequency signals up to 
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evolved high-frequency acoustic communication (≥ 20 kHz) in signal exchanges with 
upper limit of 35 kHz (87 dB SPL). In breeding season, which is between April and 
June, the ambient noise could be up to >90 dB SPL due to the rainy weather. It is 
largely unknown how noise affects the sound communication of O.tormota?  
In our research, we exposed males of O.tormota in three levels of noise (35, 65, 
85 dB SPL), to study how noise affect the acoustic communication of this frog. Our 
study includes two parts: in the first part, we carried out field playback experiment to 
display how different levels of noise (65 and 85 dB SPL) affected the antiphonal 
response to female calls of males. In the second part, we recorded the TS response 
from midbrain to study the auditory evoked near-field potentials (AENFPs) and single 
unit spikes in three noise levels (35, 65 and 85 dB SPL). 
   From the results of field play back experiment on 21 male frogs, 13 males 
responded to female calls with sound type of CF (consistent frequency) and 8 males 
with type of FM (frequency modulation) in both mid-level (65 dB SPL) and 
high-level (85 dB SPL) noise. The measurements revealed that for the same male, it 
antiphonally responded to the female call with longer duration, higher frequency, 
greater intensity and longer interval when exposed to high-level noise. 
   From TS recordings, in three noises, the maximum amplitude, minimum latency 
and thresholds of AENFPs were found at 7 kHz-8 kHz. We found neither significant 
differences in latency or in thresholds, or amplitudes (except at 12 kHz and 19 kHz). 
The frequency width at half value of the peak ranges from 3 kHz to 12 kHz for males 
in low- and mid-level noise (35 and 65 dB SPL ), while from 5 kHz to 12 kHz in 
high-level noise (85 dB SPL). In high-levels noise, amplitude were decreased, latency 
prolonged and threshold raised compared to other two noises. Although the high-level 
noise constrained most frequency stimuli, it affected less for those with high 
frequencies. Results from single unit indicated the BEF were 7 kHz, 17 kHz and 20 
kHz. The effects of three noise levels in single unit studies were similar to those in 
study of AENFPs. These results suggests that the high frequency sound signals 
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 用专业声音分析软件 Audition 生成的噪声主要分为粉红噪声 Pink Noise 、






低频段。由软件 Audition 3.0 自动生成的噪声如图 1。由图可知，White Noise 与
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